Abstract: Water hyacinth is a noxious aquatic weed growing over a wide variety of wetland. One of the effective methods of its treatment is rotary drum composting. Hence, microbial succession in the rotary drum composting of water hyacinth was studied along with stability and maturity. Different ratios of water hyacinth, cow dung and sawdust, i.e. 8 : 1 : 1, 7 : 2 : 1, 6 : 3 : 1, 5 : 4 : 1 and 10 : 0 : 0 (control), respectively, were taken. A total weight of 150 kg was maintained. Maximum degradation was observed in the trial 3 (6 : 3 : 1), which showed maximum temperature rise up to 56.5
Introduction
Composting is used as a treatment method for some wastes, which yields a stable and profitable product. The term composting has been defined by Crawford (1983) as the incomplete, artificially accelerated decomposition of heterogeneous organic matter by a mixed microbial population in a warm and moist environment. Microbial communities change with various stages of composting. There is an initial temperature rise due to the availability of organics and transition of microbes from mesophilic to thermophilic microflora (Ryckeboer et al. 2003) . Under the optimal conditions, composting can be divided into four phases: (a) mesophilic phase (10-40
• C) lasting for few hours to some days, (b) thermophilic phase (42-65
• C) lasting for few days, but its duration can vary with the type of material used, as in case of wood it can last for months also, (c) the second mesophilic phase is where the microbes re-colonize the substrate, and (d) last is the maturation or curing phase in which microbiota is still present in the compost but with less vigorous activities, which can make the compost more mature and stable (Ryckeboer et al. 2003) . The microbial communities in whole composting period keep on changing (Hassen et al. 2001; Bhatia et al. 2012) . Bacteria, actinomycetes, streptomycetes and fungi are the major contributors of biodegradation. The type and count of these microbes change with the availability of organic matter and prevailing physiochemical conditions. Microbial activity is interdependent on several factors such as O 2 supply, moisture content, temperature and pH. These factors affect the microbial growth, activities and hence the whole composting process. The quality of compost can be estimated with the relative study of these parameters and microbes in the compost.
Progress has been made in the characterization of some organisms typically found at different stages of composting by counting with plate-count method and isolating microbes (Boulter et al. 2002) . Davis et al. (1991) studied that during all stages of composting of pine bark, the number of bacterial colony forming units 1304 I. Vishan et al. 1.06 × 10 8 9.00 × 10 6 8.00 × 10 5 Mesophilic bacteria (CFU/g wet weight)
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(CFUs) outnumbered fungal CFUs. Ma et al. (2003) investigated that the sequence of microbial succession was from mesophilic bacteria to thermophilic bacteria and thermophilic actinomycetes during composting of anthracene contaminated soil. A total of 194 fungal species have been isolated from green compost and vermicompost (Anastasi et al. 2005) . Partanen et al. (2010) studied bacterial diversity of over 2,000 different phylotypes in municipal organic waste composting. Bhatia et al. (2012) studied that a majority of bacterial species isolated from compost included Bacillus spp., Pseudomonas spp. and Entrobacter spp., whereas Aspergillus and Rhizopus species were the fungal communities in windrow and rotary drum composting of vegetable waste. Studies have been carried out on the microorganisms involved in composting of a various types of solid wastes, such as municipal sewage sludge and wheat straw (Ryckeboer et al. 2003) , pine bark (Davis et al. 1991) , pulp and paper-mill solids (Atkinson et al. 1997) , municipal solid waste (Hassen et al. 2001; Raut et al. 2007 ), garden waste (Vitezova et al. 2012 ) and anthracene-spiked soil mixed with kitchen waste (Ma et al. 2003) . However, there is no study available on microbial dynamics during water hyacinth composting. Water hyacinth is known to be one of the world's worst and noxious aquatic weed (Holm et al. 1977) growing over a wide variety of wetlands, such as lakes, streams, ponds, waterways, ditches and backwater areas. It forms dense mat which interferes with navigation, recreation, irrigation, and power generation (Ganesh et al. 2012) . Water hyacinth obtains its nutrients directly from water and has been used in wastewater treatment facilities (Wilson et al. 2005) . It has been utilized somewhat effectively as a substitute of bean straw for animal feed, also as feed for solid-phase fermentation, raw material for making pulp, paper, and paper board and during vermicomposting, too. The successful application of rotary drum composting of water hyacinth has been carried out using cow dung and sawdust (Ganesh et al. 2012) . The composting process has been optimized to yield compost in 20 days with turning frequency of one turn per day. Studies like bioavailability, leachability and speciation of heavy metals in rotary drum composting of water hyacinth has also been performed . Effect of lime and natural zeolite on the physicochemical parameters had also been examined . As composting is a microbial phenomenon, the study of microbial dynamics of water hyacinth composting is essential. It is important to relate the microbial phenomenon with the physicochemical and biochemical factors of composting.
In the present study of water hyacinth composting, micro-flora and their relation to abiotic parameters were investigated. Traditional microbial techniques were used for this purpose. As the gases (O 2 and CO 2 ) concentrations in the composting mass reflect its microbial activity, thus oxygen uptake rate (OUR) and CO 2 evolution rate were also examined in relation to the variances in microbial community. Heat is generated as the metabolic waste product in compost due to the active microbial participation in converting the organic waste matter into inorganic and humified forms. High temperature supports degradation of defiant lignocellulosic material (Tuomela et al. 2000) , so monitoring of temperature in relation to the microbes was also done.
Material and methods

Feed stock materials
Different waste mixtures were prepared by mixing of water hyacinth, cow dung and sawdust. Water hyacinth was collected from Amingaon industrial area near Indian Institute of Technology Guwahati (IITG), Assam, India. Cow dung was obtained from dairy farm near to the IITG campus. Sawdust was purchased from nearby saw mill. Sawdust and cow dung were mixed thoroughly to form fine powder. Water hyacinth was shredded into small pieces of order 1 cm so as to maintain proper aeration and control the moisture. Sawdust and cow dung powder and water hyacinth were mixed thoroughly in five different proportions as detailed in Table 1 .
Rotary drum composter
In order to study microbial dynamics and stability, a pilotscale rotary drum composter of 550 L capacity being operated on batch mode operation was used as described in Kalamdhad et al. (2008) . The capacity of the pilot scale rotary drum composter was decided keeping in view of the capability of a single person who can handle around 150 kg of waste by manual rotation. The composting period of 20 days was decided for both proper degradation and stabilization based on the performance of earlier studies regarding invessel composting reactors (Kalamdhad et al. 2009 ). Manual turning was done after every 24 h through one complete rotation of the rotary drum to ensure that the material on the top portion moved to the central portion, where it was subjected to higher temperature (Kalamdhad et al. 2009 ). After that, aerobic condition was maintained by opening the top half side doors of the two circular faces.
Analysis of physicochemical, biochemical and microbial parameters Temperature was measured three times a day using digital thermometer throughout the composting period. A total of 1 kg sample was collected on every second day starting from the 0 th to 20 th day from both end terminals and mid region of the pilot scale rotary drum composter. Simple grabbing with the help of compost sampler minimized the disturbance of adjacent materials. Samples were collected in triplicates, out of which 240 g of sub-sample was separated and refrigerated at 4
• C for biochemical and microbial analysis: biodegradable organic matter as biological oxygen demand (BOD) and chemical oxygen demand (COD), bacterial population including total coliform (TC) by inoculation culture tube media using most probable number (MPN) method, CO2 evolution rate and OUR analysis, as described in Kalamdhad et al. (2008) . On every 4 th day 10 g of fresh sub-sample was mixed with 90 mL of sterile distilled water containing 0.85% (w/v) sterile sodium chloride in 250 mL of Erlenmeyer flasks, the solution was mixed mechanically at 150 rpm for 2 h at 25
• C. Finally, the waste suspensions were serially diluted and used for microbial counts on appropriate media. Rest of the grab samples were dried in oven at 105
• C for 24 h for moisture content calculation; further dried samples passed through 0.2 mm sieve and stored for analysis of pH, electrical conductivity (EC; 1 : 10 w/v waste : water extract) and volatile solids (VS; loss on ignition at 550
• C for 2 h).
Culture media and conditions
For the bacterial growth nutrient agar medium was used; total count of the prokaryotes was examined. Petri plates were poured with the nutrient agar medium and kept in the BOD incubator for 24-48 h at 25
• C for mesophilic bacteria and for 24 h at 55
• C for the spores of bacteria. Cycloheximide was added in concentration of 0.2 g/L in order to restrict the growth of fungi.
For actinomycete growth, actinomycete isolation agar was supplemented with 2 g sodium caesinate, 0.1 g Lasparagine, 4 g sodium propionate, 0.5 g K2PO4, 0.1 g MgSO4, 0.001 g FeSO4 and 5 mL glycerol per litre and cycloheximide (0.2 g/L) for fungal growth inhibition. Final Petri plates poured with this medium were incubated in the BOD incubator at 25
• C for 4-5 days. Fungal count was done in the Sabouraud 4% dextrose agar with 5 g peptone from casein, 5 g peptone from meat, 40 g D(+)glucose per litre. Prepared plates were incubated at 25
• C for 3-4 days.
Streptomycetes were counted in the ISP medium No. 4 supplemented with 10 g soluble starch, 1 g K2HPO4, 1 g MgSO4 · 7H2O, 1 g NaCl, 2 g (NH4)2SO4, 2 g CaCO3 per liter and 0.2 g/L of cycloheximide for fungal inhibition.
Lauryl tryptose broth and EC medium, respectively, were used for TC and faecal coliforms (FC) analyses. The MPN method was used in culture tubes according to the American Public Health Association's Standard methods for the examination of water and wastewater (17 th Edition; http://www.standardmethods.org/).
Results and discussion
Physicochemical analyses of compost Temperature. Periodic measurement of temperature changes in the compost is an important index to measure the microbial activities. It determines the rate at which many of the biological processes take place and thus, it plays a selective role in evolution and succession of the microbiological communities (Hassen et al. 2001) . Figure 1a gives the details of the temperature variations throughout the 20 days of composting period. As compared to all the trials, trial 3 showed the maximum temperature of 56.5
• C. As reported by providing optimum carbon to nitrogen ratio by proper combination of waste materials lead to high temperature rise. The rise in temperature started within 24 h of composting and reached its maximum by 4 th day; after this it started becoming stabilized. It has been reported that during the composting process temperatures of 52-60
• C were considered to maintain the greatest thermophilic activity (Ryckoboer et al. 2003) . The average highest temperature of all the trials was in the range of 50-56.5
• C, but the highest temperature in control reached up to 38.6
• C only. This indicated that cow dung and sawdust are required along with water hyacinth for proper degradation.
Electrical conductivity. EC is an indirect measurement of soluble salts and is used as chemical indicator of composting (Pan et al. 2013) . High EC in the final compost of water hyacinth slows down plant rooting and reduce the transportation of water and nutrients into the plants (Singh & Kalamdhad 2013) . The final EC values of all composts were 5.4, 6.2, 2.9, 4.7 and 9 dS/m in trials 1, 2, 3, 4 and 5, respectively (Table 2) . It was observed that the EC value decreased with the progress in composting in all trials except trial 5. Similar values of EC in water hyacinth compost were also monitored by . However, 6 dS/m of EC has been reported in sludge composting (Pan et al. 2013) . The volatilization of ammonia and the precipitation of mineral salts is possible reason for the decrease in EC at the later phase of composting (Ganesh et al. 2012) . Due to the release of humic substances (which has the capacity to interact with metal ions) reduction of water solubility was observed , resulting the EC might have decreased. After 20 days, only compost of trial 3 approached the desired EC value. Higher number of microbes in final compost would cure and mature the final compost. Volatile solids (%). VS give an account of the oxidized organic matter when it is heated. Soluble organic material can be easily degraded as being the primary nutrient of microbes (Said-Pullicino et al. 2007 ). However, the total organic matter in plant material comprises cellulose, hemicelluloses, reducing sugars and lignin. These are highly biodegradable, but lignocellulose is partially solubilized (almost unchanged) and reorganized to form humus-like substances (Juan et al. 2013) . The volatile solids analyzed were reduced from 60 to 48%, 58 to 44%, 67 to 36%, 65 to 40% and 73 to 61% in trials 1, 2, 3, 4 and 5, respectively (Fig. 1b) from the 0 th to 20 th day. The highest amount of VS reduction of 46% was observed in the trial 3. Due to the presence of complex lignocellulosic material in the available organic matter the reduction of VS requires more time.
pH. pH is another factor, which greatly influences the composting process by affecting microbial activity. The optimal range for the development of bacteria and fungi is 6.0-7.5 and 5.5-8.0, respectively (Ryckoboer et al. 2003) . The variation in pH changes the availability of hydrogen ions. These hydrogen ions play a vital role in the transport across the microbial membrane and thus affecting the activities of composting microbes (Plette et al. 1995) . A pH range of 6.5-8.0 and 4.0-6.5 had been reported favourable for microbial growth in wheat straw (Pan et al. 2013 ) and food waste composting, respectively. However, in the present study the initial pH of water hyacinth, cow dung and sawdust was observed to be 6.5, 7.2 and 5.9, respectively. The initial and final pH of all the trials was in the range of 5-6.6 and 7-7.6, respectively. Figure 1c shows the pH range of all the trials. The observed pH favoured the growth and activity of bacteria, fungi and all other microbes. All these pH values favoured the development of optimum conditions for microbial growth in the compost sample.
Biochemical parameters
Soluble COD test determines the organic content in terms of both biodegradable and non-biodegradable compounds, whereas the BOD test evaluates the biodegradable fraction.
Soluble biological oxygen demand and chemical oxygen demand. Soluble BOD is the amount of dissolved oxygen needed by aerobic microorganisms to break down the organic material in the compost sample over a specific time period. High concentrations of soluble BOD in compost can deplete dissolved oxygen in water content of soil and thus have a negative impact on soil structure. The values of soluble BOD changed progressively from 4.3 to 2.2, 4.8 to 2.4, 5.4 to 1.8, 4.0 to 1.6, and 7.9 to 4.2 g/kg in trials 1, 2, 3, 4 and 5, respectively (Fig. 2a) during 20 days of composting. The maximum reduction was found about 66.7% in the trial 3. This depicted that the easily degradable organic matter has been broken down by the microbes in trial 3 more efficiently than in other trials.
Soluble COD is measure of total amount of oxygen required to oxidize all organic matter into carbon dioxide and water. Instead of free dissolved oxygen, chemically bound oxygen in potassium dichromate and sulphuric acid is used to oxidize the organics thereby producing carbon dioxide and water. The soluble COD values reduced down from the 0 th to 20 th day of composting from 6.8 to 3.2, 5.8 to 2.5, 8.2 to 2.1, 6.8 to 2.7 and 8.6 to 4.3 g/kg in trials 1, 2, 3, 4 and 5, respectively (Fig. 2b) . A maximum of 73.9% reduction was found in the trial 3, depicting high amount of reduction in easily degradable organic matter of the compost.
BOD/COD ratio depicts the stability of compost since a high value of this ratio would indicate the presence of organic matter that is hard to degrade. Some toxic organics curbing the microbial activities may also be responsible. The present study estimated that the BOD/COD ratio on the 0 th day of composting was 0.6, 0.8, 0.6, 0.5 and 0.9 which reduced down to 0.7, 0.9, 0.8, 0.6 and 0.9 in trials 1, 2, 3, 4 and 5, respectively. The highest reduction in soluble BOD and soluble COD values was observed in the trial 3. This value of BOD/COD ratio in trial 3 was reduced to 0.6, which was greater than the trial 4 value (0.5). It suggested that the higher microbial activities in trial 3 would have enhanced the soluble BOD value more than in trial 4, but observing the respective reduced values of soluble BOD and soluble COD indicates that the trial 3 compost is more stable than the trial 4 one.
Stability of compost
Stability determines the compost nuisance potential, nitrogen immobilization and phytotoxicity (Hogg et al. 2002) . It can thus indicate the compost quality. The stability of the compost is measured directly by the CO 2 evolution rate and OUR during the composting process. CO 2 evolution rate is associated with degradation of volatile material of compost (Ma et al. 2003) . It also gives information about the aerobic respiration occurring in composting, and OUR indicates the amount of readily degradable organic matter present in the compost sample (Kalamdhad et al. 2008) . The CO 2 evolution rate was reduced from 6.48 to 1.31, 6.09 to 0.98, 6.41 to 0.60, 5.99 to 0.76 and 1.62 to 0.58 mg/g VS/day in trials 1, 2, 3, 4 and 5, respectively (Fig. 3a) . A maximum of 90.6% reduction was observed in the trial 3, which signifies that the compost in trial 3 was most stable. This highest degradation showed that least amount of organic matter remained available depicting greatest variation of CO 2 evolution rate from the 0 th till the last 20 th day of composting. OUR will be observed high as the microbial population will feed on the raw material available in the compost sample (Iannotti et al. 1993) . The OURs of trials 1, 2, 3, 4 and 5 decreased from the initial values of 7.13 to 4.79, 7.94 to 3.92, 9.40 to 2.00, 8.95 to 3.24 and 1.89 to 1.41 mg/g VS/day, respectively (Fig. 3b) . The highest decrease of 78.7% was observed in the trial 3. The initially available organic matter amount was higher and also very complex for microbial action, thus required more oxygen for its degradation. The availability and complexity of the degradable matter decreased during the process, thus oxygen demand was reduced, too. This stated that the compost was stable enough to be further degraded by the microbes. In the present study the trial 3 had shown maximum reduction in CO 2 evolution rate and OUR, stating that the compost of trial 3 was most stable. Similar results were also reported by Kalamdhad et al. (2008) .
The ratio of CO 2 produced and O 2 consumed gives information about the respiratory quotient (RQ). It depends upon the composition of organic waste and active microbial communities. Other than this RQ is affected by factors, like pH, temperature, particle size, organic content, methane and nitrogen oxides emission (He et al. 2001 ). Some authors have reported different RQ values for different wastes, such as municipal solid waste from 1.02 to 0.95 (Teresa et al. 2004 ) and 0.92 for paper sludge (Atkinson et al. 1997) . In the present study RQ values of trial 1, 2, 3, 4 and 5 decreased from 0.91, 0.77, 0.68, 0.67, 0.86 to 0.27, 0.25, 0.30, 0.24 and 0.41 from the 0 th till last 20 th day, respectively. It was observed that the RQ values were quite stable in the trial 3 from 0 th till 8 th day, which depicted highest degradation and temperature. Thus, organic matter degradation in 6 : 3 : 1 composition was higher than in any other composition.
Analysis of microbial community
The compost is full of pathogenic and non-pathogenic microorganisms. Various microbes, such as bacteria, actinomycetes, streptomycetes and fungi participate in the degradation of the organic matter. All these microbes have different properties showing different growth pattern and degrading properties releasing respective extracellular enzymes. Thus, all these microbes will show their action at different stages of composting.
Mesophilic and spore forming bacteria. Mesophilic and thermophilic stages of the composting system play an important role in the growth and development of mesophilic as well as thermophilic microbes (Riddech et al. 2002) . In the first week of composting, intense microbial activity and organic matter degradation was reported (Chazirakis et al. 2011) , which causes the rise in temperature. Initially the temperature of compost was ambient, but slowly within 24-48 h it started rising up. The maximum temperature was recorded up to 56.5
• C among all the trials. This rise in temperature occurred till the 4 th day of the composting period, after this it declined and started getting stabilized. The maximum count decline of mesophiles from 4.73 × 10 12 CFU/g to 2.5 × 10 7 CFU/g was observed in the trial 3 (Fig. 4a) by the end of the composting period.
With the rise in temperature throughout the composting process, the mesophilic bacteria declined and spore forming bacteria were proliferating. However, mesophilic bacteria with thermo-tolerance property (surviving at 56-60
• C) have been reported (Ma et al. 2003) . The count of spore forming bacteria on the 0 th day of composting in the trial 3 was 1.80 × 10 8 CFU/g (Fig. 4b) . Gradually after 24 h, when the temperature started rising up, the fluctuations in their count appeared. On the 4 th and 8 th sampling day the count of spore forming bacteria was found to be high among all the trials, but the trial 3 depicted highest among all. On the 4 th and 8 th day the count was 3.3 × 10 10 CFU/g, and 7.2 × 10 10 CFU/g respectively in the trial 3. The highest count of spore forming bacteria was observed in the trial 3 having the highest temperature of 56.5
• C. After the 8 th day the temperature declined along with the count of spore forming bacteria. The count decreased to 5.7 × 10 8 CFU/g in the trial 3 on the 20 th day (Fig. 4b) . However, total thermophilic bacteria (spore forming bacteria) grew fast from 1.3 × 10 4 CFU/g to 1.0 × 10 9 CFU/g in biowaste composting (Chroni et al. 2009 ).
The carbon content of the organic matter degrades to be released in the form of CO 2 . The temperature rises as the microbes were highly metabolically active, thus giving the indication about the level of maturity of compost. In comparison to all the trials, the trial 3 showed the maximum decrease in mesophilic bacterial count, as maximum temperature was depicted among all the trials. Trial 3 had the maximum count of mesophilic and spore forming bacteria among all the trials. This signified a better degradation of the organic material. The present study thus stated that bacterial count widely relates with the changes in temperature and the availability and type of organic matter.
Actinomycetes and streptomycetes. Actinomycete cellulases being secreted by actinomycetes are inducible extracellular enzymes. They attack cellulose in the similar way as fungal hydrolytic cellulase (McCarthy 1987) . Actinomycetes have also been reported in lignocelluloses degradation. Some species appear during the thermophilic phase, and some become an important part during the cooler maturing phase. These microbes are mostly seen towards the end of composting process. Municipal solid waste has 51.1% of actinomycetes concentration (Rebollido et al. 2007) , whereas in the present study the number of actinomycetes varied from the 0 th till last 20 th day of composting. Trial 3 exhibited the highest reduction in count from 1.8 × 10 10 to 2.4 × 10 7 CFU/g during the composting period (Fig. 5a ), which denotes a better degradation of the organic matter and hence more cured or mature compost. Streptomycetes are also considered to play an important role in the degradation of recalcitrant macromolecules. They are responsible for production of antibiotics like streptomycin. In fact, over two thirds of the antibiotics used today are derived from one of the 500 species of Streptomyces. The population of streptomycetes was found to reduce from 8.73 × 10 8 to 6.5 × 10 5 CFU/g in the trial 3 during the composting period (Fig. 5b) . However, in municipal solid waste 61.1% of streptomycetes have been reported (Rebollido et al. 2007 ). Since, ISP-4 medium is not strictly selective for streptomycetes, therefore only the colonies with aerial mycelium (powdery, wrinkled, or pasty) were counted sensibly as reported by Ryckeboer et al. (2003) . The higher range of counts at the end of composting period might be due to a good amount of lignin available in the source material.
Fungi. Fungus is an important microbe participating in biodegradation of the organic matter present in compost material. It actively participates in lignocellulosic degradation due to its highly efficient enzymatic system; it plays as one of the major contributor of compost stability and maturation (Sanchez et. al. 2009 ). The major decline in fungal count was observed from the 4 th till 8 th day of composting, i.e. in the thermophilic stage. Trial 3 depicted a major drop in fungal count, from 1.99 × 10 8 to 6.79 × 10 5 CFU/g (about 1,000 folds) from the 0 th to 20 th day of composting (Fig. 5c) . This was the highest reduction among all other trials. However, it has also been reported that fungal count had reduced completely in vegetable waste composting (Bhatia et al. 2012) . During municipal solid waste composting fungal count decreased from 4.5 × 10 6 CFU/g to 6.3 × 10 3 CFU/g in the 3
rd week of composting period (Hassen et al. 2001 ). In the present study a considerable amount of fungal inactivation, around 1,000 fold, was observed in 20 days.
The total inactivation was not observed maybe due to a large amount of cellulose, hemicellulose and lignin available in the source materials. Thus, organic matter is still available to be degraded further.
Total, faecal coliform and enterococci. The presence of coliform bacteria is often used as an indicator of overall sanitary quality of water and environment (Hassen et al. 2001) . The high temperature helps in destruction of some common pathogens and parasites. Pathogens are also destroyed or controlled by competition with other microbes, antagonistic relationship, antibiotic of inhibiting substances produced by microbes and time of survival (Kalamdhad et al. 2009 ). The recommended FC and streptococci densities for compost hygienization are 5.0 × 10 2 and 5.0 × 10 3 MPN/g, respectively (Kalamdhad et al. 2009 ). The initial and final count of TC and FC were tested for all the trials. The result shows that maximum reduction of TC was obtained in the trial 3 from 1.1 × 10 10 to 2.4 × 10 2 MPN/g (Table 3 ).
The FC values (Table 3) shows that the trial 3 had highest reduction of FC from 1.5 × 10 6 to 15 MPN/g. Trials 1, 2 and 4 also depicted the decrease in concentration of FC after 20 days of composting. But the decrease was not enough to consider the compost to be hygienic. The results indicated that the trial 3 yielded most hygienic compost after maturation of primary stabilized composts.
Entrococci population was observed very less in all the trials. The count observed only up to the 4 th day of composting was in the range of 1 × 10 2 to 2 × 10 3 CFU/g. The development of high degrading temperature in the compost might have abolished the growth of these pathogens making the compost more stable and hygienic for its use in the field.
Conclusions
Results of the present study depicted that various microbes played a role in water hyacinth composting, such as temperature. The availability of the substrate decides the survival and degrading activity of these microbes. Combination of feedstock materials plays a key role by varying the organic matter content, thereby dominates the growth patterns of different microbial communities. Bacterial count was the highest among all the microbes varying from mesophilic to spore forming according to temperature. Their count decreased, but did not vanish. Fungal count decreased throughout without ceasing. Actinomycetes and streptomycetes count remained higher due to presence of lignocelluloses in water hyacinth. Even though a lower CO 2 evolution rate and OUR in the end signified the stability of compost. But the VS reduction was not enough. This indicated the metabolic action of microbes on complex lignocellulosic material forming monomeric compounds, but not completely into humic substances; the compost was thus stable but yet to be matured. Hence, it can be concluded that the trial 3 was the best among all in terms of stability and microbial dynamics. A higher diversity of microbes result in more degraded, stable and pathogen-free compost.
